Genetic resources are the valuable natural resources and national wealth in each country. The wild relatives of wheat, especially diploid species have useful traits for the wheat breeding. To study the genetic variation of wild einkorn wheat (Triticum boeoticum Boiss.) populations based on the morphological, agronomical and phenological traits, an experiment was conducted on 252 collected samples from central Zagros Mountains with six cultivars as controls in Research Farm of Razi University, Kermanshah, Iran during 2013-2014. The seeds of the samples and control cultivars were sown based on an augmented randomized complete block design in seven replicates. According to the analysis of variance, there was high variation among the samples. The population G collected from Kamyaran location showed higher amounts than average for the spike length, peduncle length, plant height and thousand kernel weight. The results of correlation showed that a thousand kernel weight had a highly significant positive correlation with the peduncle length, the plant height and the awn length. The cluster analysis classified the accessions and controls in five groups with distinct properties. The classification of the accessions using cluster analysis did not match with their geographical distribution. The accessions in the first group had the short kernel filling period; the accessions in the second group were late-maturing ones, the accessions in the third one had the highest peduncle length and plant height, the genotypes in the fourth group had early-maturing accessions with the lowest plant height and peduncle length and finally the accessions in the last group had the lowest number of kernels per spike and spike length.
Introduction
The genus Triticum is one of the most important genera in the tribe Triticeae and has been the focal point of many biosystematics studies. Four basic genomes, A, B, D and G, are involved in the genomic constitution of all Triticum species (Lilienfeld, Kihara, 1934) . The ancestral diploid species of A, B and D genome diverged from a common ancestor about three million years ago (Gill et al., 2004) . The primary habitats of the wheat ancestors are situated in the northern and eastern parts of the Fertile Crescent and the modern wheat cultivars were evolved from their ancestors which mostly were distributed in these areas (Harlan, Zohary, 1966; Derakhshani et al., 2013) . Einkorn (Triticum monococcum L.) (2n = 2x = 14, nuclear genome constitution AA) is the earliest species of cultivated wheat that was domesticated from its wild progenitor, Triticum boeoticum Boiss. (Harlan, Zohary, 1966) .
Wheat landraces represent an important source of genetic variation that can be used to improve the commercial varieties by introducing new alleles or combination of genes (Ciaffi et al., 1992) . Moreover, the wild relatives of bread wheat are known to be important sources of traits for the wheat genetic improvement. The wild relatives of crop plants contain rich gene pools which are the best hope for crop improvement in future breeding programs (Plucknett et al., 1987) . Wild and progenitors species of Triticum L. and Aegilops L. provide a useful source of new accessible genetic variation for wheat improvement including tolerance against abiotic (drought, cold, heat, salinity and herbicides) and biotic (pathogens, parasites and competitors) stresses. Dempewolf et al. (2014) explained a project entitled "Adapting Agriculture to Climate Change" and stated that domestication has led to reducing crop genetic diversity which it, along with climate change could make big challenges for plant breeders and farmers and could threaten the world's food security. Therefore, they suggest collecting crop wild relatives, conserving, evaluating them for useful and needed traits and making the results widely available to overcome the challenges faced the future of agriculture. The key importance of crop wild relatives to help adaptation to climate change is well described by Guarino and Lobell (2011) . Valkoun (2001) stated that wheat wild progenitors are native to semi-arid regions of West and Central Asia. Therefore, they are well adapted to different stresses which are frequent in all regions with year-to-
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year climatic fluctuations. Hence, they may be suitable to utilize the rich indigenous genetic diversity of wheat wild diploid progenitors in wheat breeding for stress tolerance, plant productivity, yield stability and adaptation.
Little information is available regarding the genetic variation in the wild wheat relatives from Iran. Iran is known as a main centre of distribution of wild wheat. Iran especially is not only one of the main sites of domestication of common and emmer wheat but also a main centre of distribution of wild wheat genotypes (Kimber, Feldman, 1987) . It is supposed that the populations of T. boeoticum in the western part of Iran contains high levels of genetic diversity and may provide significant information regarding their potential for breeding purposes. Salimi et al. (2005) collected and studied 14 populations of T. boeoticum, mainly from the west of Iran, in order to evaluate genetic diversity based on different agronomical traits. They reported the existence of two A-genome donor species, i.e. T. boeoticum and T. monococcum, in Iranian flora.
Since the central Zagros Mountains located in the west of Iran are among one of the main habitats of wild wheat accessions, they are ideal locations to search for desirable genes in order to transfer to cultivated wheat. Therefore, the aim of this study is to look for the genetic diversity of the valuable traits in the wild einkorn wheat and make the data available to breeders to use them in the future breeding programs.
Materials and methods
In order to evaluate the genetic diversity and relationships among the morphological, agronomical and phenological traits in the populations of the wild diploid einkorn, an experiment was conducted at the Six controls namely three durum and three bread wheat cultivars were added to the experiment. Details of the plant materials are shown in Table 1 .
Experimental design. Seeds were sown in an augmented design experiment. In this design, the seeds of the samples were sown in seven blocks as one replicate. The seeds of the six control cultivars were sown randomly in seven blocks to provide an indication of the experimental error. Therefore, the effect of the blocks will be evaluated and the trait values will be corrected. The control cultivars were assessed in a randomized complete block design. Sowing was performed by hand at three row plots, in 1.50 m length and 0.50 m row spacing. Chemical fertilizers, herbicides and pesticides were not used. At full physiological maturity, one middle row of each plots was harvested to determine morphological and agronomical traits. The correction of data was only performed for those traits that the effect of blocks was significant in the analysis of variance. Therefore, all the next statistical analyses were performed using corrected data.
Studied traits. Different recorded morphological, agronomical and phenological traits are including: spike length (SL), cm, awn length (AL), cm, peduncle length (PL), cm, plant height (Phe), cm, peduncle length/plant height (PL/Phe), number of spikelets per spike (NSPS), number of kernels per spike (NKPS), thousand kernel weight (TKW), g, days to stem elongation (DSE), days to booting (DB), days to heading (DH), days to anthesis (DA), days to physiological maturity (DPM) and kernel filling period (KFP).
Statistical analysis. Analysis of variance was performed using SAS 9.1. The correlation and the cluster analysis were carried out using SPSS, version 16 and SYSTAT, version 13, respectively.
Results

Analysis of variance for control cultivars.
The results of the analysis of variance showed highly significant differences among cultivars for all the studied traits, except days to stem elongation and days to heading (Table 2) . Thousand kernel weight was maximum in G5 sample by 22.04 gram and was minimum in F4, S8, K17, J10 -by 10-11 gram. The samples G7, G12, G8 and H4 had the highest phenological parameters such as days to booting and days to anthesis. The samples S20, P8, K11, K13 and K3 were the highest for days to physiological maturity .139 SL -spike length, cm, AL -awn length, cm, NSPS -number of spikelets per spike, NKPS -number of kernels per spike, PLpeduncle length, cm, Phe -plant height, cm, PL/Phe -peduncle length/plant height, TKW -thousand kernel weight, g, DB -days to booting, DA -days to anthesis, DPM -days to physiological maturity, KFP -kernel filling period and kernel filling period. Samples G7, G12, G8 and H4 were the lowest for days to physiological maturity and kernel filling period.
Analysis of variance between and within population of einkorn wheat. In order to find out the variation between and within the populations (classified based on geographical location), the analysis of variance was performed. The results showed that the variation between the populations was highly significant for all of the traits except the kernel filling period which means that the variation between the populations was significantly more than within the populations (Table 4 ). The percentage of the variation devoted to between the populations to total variation was the highest for days to booting and the lowest for kernel filling period and days to the physiological maturity. Correlation coefficients. The correlation coefficients among the traits of the 252 accessions are shown in Table 5 . It should be noticed that the weaker correlations were significant due to the high number of the samples. Therefore, the correlations more than 0.5 are presented. SL had a high positive significant correlation with NSPS (r = 0.882**), DSE (r = 0.560**), DB (r = 0.595**) and DA (r = 0.528**). There was a significant and positive correlation between NSPS and NKPS (r = 0.544**), DSE (r = 0.600**), DB (r = 0.628**) and DA (r = 0.547**). PL had high significant and positive correlations with Phe (r = 0.766**), PL/PLH (r = 0.605**) and TKW (r = 0.540**). DSE was significantly correlated with DB (r = 0.882**), DH (r = 0.882**) and DA (r = 0.882**). The correlation between DPM and KFP was positive and highly significant (r = 0.797**).
Cluster analysis. Cluster analysis grouped accessions into five clusters based on the measured traits (Fig. 2) . Each cluster consists of accessions collected from different geographical locations.
The results of this analysis revealed high diversity among the studied accessions. The first group included 86 accessions. The accessions in this group were low for Phe, TKW and KFP (Table 6 ). The values of the traits such as AL, SL, NKPS, NSPS and other phenological traits were varied from moderate to high. The second group included 48 accessions. They averagely had the highest SL, NSPS and all the phenological traits but they had the lowest AL and TKW. Therefore, the accessions in this group are late-matured accessions. In the third group, 72 accessions had the moderate values of the traits, including SL, AL, NSPS, NKPS and the SL -spike length, AL -awn length, NSPS -number of spikelets per spike, NKPS -number of kernels per spike, PL -peduncle length, Phe -plant height, PL/Phe -peduncle length/plant height, TKW -thousand kernel weight, DSE -days to stem elongation, DB -days to booting, DH -days to heading, DA -days to anthesis, DPM -days to physiological maturity, KFP -kernel filling period; **,* -significant at 1% and 5% probability level, respectively Figure 2 . Dendrogram of the Triticum boeoticum samples performed based on the studied agronomical traits using Ward method phenological traits. These accessions had averagely the highest PL and Phe. The fourth group contained only 6 control cultivars. The minimum NSPS, Phe, PL and all phenological traits were recorded for this group. The accessions in this cluster had short life cycle; therefore they are early-matured accessions. These accessions had the highest AL, NKPS, TKW and KFP. The last group contained 46 accessions. The minimum SL and NKPS were recorded for this group. These accessions had the lowest SL and NKPS with moderate PL, TKW and KFP. The analysis of variance was carried out according to the five groups obtained from the cluster analysis for 252 accessions and control cultivars ( Table 7 ). The results indicated that the variation between the groups for the most of the traits was less than within the groups when compared to all found variation. SL -spike length, AL -awn length, PL -peduncle length, Phe -plant height, NSPS -number of spikelets per spike, NKPSnumber of kernels per spike, TKW -thousand kernel weight, DSE -days to stem elongation, DB -days to booting, DH -days to heading, DA -days to anthesis, DPM -days to physiological maturity, KFP -kernel filling period
For example, 37.6% of total variation in TKW is due to the variation found between the groups. This shows that the accessions within the groups are different from each other.
Discussion
The existence of high significant genotypic differences among the materials studied in this research indicated that there is a high variation among them. Moghaddam et al. (2012) and observed high significant differences among einkorn wheat based on agro-morphological traits which indicated the high genetic variation among samples. Besides, Naghavi et al. (2009) reported high variation among T. boeoticum populations collected from northwest to south western parts of Iran. Malaki et al. (2006) assessed the genetic diversity of T. boeoticum from the western part of Iran and observed high diversity in these species.
High thousand kernel weight of samples G5 could be due to the high plant height and the peduncle length. Thus, this result indicated the importance of spike in the dry matter remobilization. On the other hand, the high remobilization rate of internodes of stem showed that this could be due to their potential in reservation of photosynthesis materials especially before the flowering stage (Ehdaie et al., 2006) .
At the present study, there was a significant and positive correlation between Phe and TKW which is in accordance with Moghaddam et al. (2012) on T. boeoticum populations. The significant and positive correlation between grain yield and plant height was reported in Iranian wild spontaneum barely (Afzalifar et al., 2011) . In contrast, Nabovati et al. (2010) and Naghdipour et al. (2011) reported significant and negative correlation between these two traits. Calderini et al. (1995) stated that the improvement of the grain yield has been achieved in modern wheat cultivars through the reduction of the plant height; since, the transfer of the materials to reproduction part has grown compared to the vegetative part without the basic change in biomass. Ehdaie and Waines (1989) found out that the plant height had a negative genetic correlation with the number of grains per head, 1000-grain weight, grain yield and harvest index.
Moreover, in this research, it was found out that the genetic correlation between the number of heads per plant and the number of grains per head, 1000-grain weight and harvest index was also significantly negative. The harvest index had a negative genetic correlation with 15.69 SL -spike length, cm, AL -awn length, cm, NSPS -number of spikelets per spike, NKPS -number of kernels per spike, PLpeduncle length, cm, Phe -plant height, cm, TKW -thousand kernel weight, g, DSE -days to stem elongation, DB -days to booting, DH -days to heading, DA -days to anthesis, DPM -days to physiological maturity, KFP -kernel filling period the days to booting, to maturity, plant height, number of heads per plant and straw yield, and a positive correlation with the number of grains per head, 1000-grain weight and grain yield. In investigating of 298 wheat landraces by Masood et al. (2005) a high positive significant correlation among days to heading, days to physiological maturity, plant height and the number of spikelets per spike were observed. Thousand kernel weight will increase by the increase of the peduncle length due to the dry matter remobilization during the kernel filling period. Al-Karaki (2012) also reported a significant and positive correlation between these two traits. Moreover, there was a significant and negative correlation between NKPS and TKW which is in accordance with many other studies (Mohammed et al., 2001) . It can be stated that by increasing the number of grains per spike, availability of assimilates for grain becomes less and thus leads to a decrease in the grain weight. Naroui Rad et al. (2007) studied the genetic variation of the wheat native accessions of Sistan and Baluchistan province and reported that there is a positive and significant correlation between the grain yield and the number of days to spike appearance, spike length, 100 seed weight, number of tillers, and height stem width, number of spikelets in spike and the grain number per spike.
Overall, taking advantage of this genetic variation in wheat breeding programs is necessary. In this study, the wild accessions generally were taller, longer spike length, longer peduncle length, more number of spikelets per spike and longer life cycle with shorter awn, lower thousand kernel weight, less number of kernels per spike and short kernel filling period when compared to the control cultivars. Ehdaie and Waines (1989) compared the local lines and the improved wheat cultivars and reported that although, the local lines were taller and produced a larger number of non-effective tillers, the mean number of grains per head, grain weight, harvest index and grain yield of them were less than those of the improved cultivars. Their observations indicated that the landraces could be improved by selecting the shorter accessions with the lower number of tillers per plant, but with the higher number of grains per head and heavier grains.
Regarding the high variation of T. boeoticum accessions in the central Zagros Mountains we would like to orient the attentions towards these germplasm. In this study, the population G collected from Kamyaran location (Table 1) was recognized as desirable germplasm based on the most of the studied traits.
The traits recorded are very important for clustering wheat genetic resources which are essential and helpful for the breeders seeking to improve the existing germplasm by introducing novel genetic variation for certain traits into the breeding populations (Salem et al., 2008; Pagnotta et al., 2009; Zarkti et al., 2010) .
Therefore, these traits have a good potential in order to select and to conserve populations. Further investigations are being conducted on the variation of the samples for the percentage of the protein, the concentration of important micronutrients especially zinc and iron, resistance to biotic and abiotic stresses such as rust and drought stresses.
Conclusions
The following conclusions were drawn from this study regarding the high variation of Triticum boeoticum accessions as wheat wild relatives in the west province of Iran are:
1. The population G collected from Kamyaran location showed higher values than average for the spike length, peduncle length, plant height and thousand kernel weight.
2. Variation among populations (each population taken from a location) was significantly higher than that within the populations showing that the difference between the accessions in each location was negligible.
3. The cluster analysis classified the accessions into five clusters based on the measured traits. All the control cultivars were categorized in one cluster. The classification of accessions using the cluster analysis did not match with the geographical distribution.
4. These accessions with diverse morphological characters contributing to the genetic diversity could be considered important gene pool with distinct features for cultivar development.
